LGMD2L and non-dysferlin Miyoshi muscular dystrophy (MMD3). We screened a candidate group of 64 patients from 59 British and German kindreds and found the truncating mutation, c.191dupA in exon 5 of ANO5 in 20 patients, homozygously in 15 and in compound heterozygosity with other ANO5 variants in the rest. An intragenic SNP and an extragenic microsatellite marker are in linkage disequilibrium with the mutation, suggesting a founder effect in the Northern European population. We have further defined the clinical phenotype of ANO5-associated muscular dystrophy. Patients show adult onset proximal lower limb weakness with highly raised CK values (average 4500 IU/L) and frequent muscle atrophy and asymmetry of muscle involvement. Onset varies from the early 20s to 50s and the weakness is generally slowly progressive, with most patients remaining ambulant for several decades. Distal presentation is much less common but a milder degree of distal lower limb weakness is often observed. Upper limb strength is only mildly affected and cardiac and respiratory function is normal. Females appear less frequently affected. In the North of England population we have identified 8 patients with ANO5 mutations, suggesting a minimum prevalence of 0.27/100 000, twice as common as dysferlinopathy. We suggest that mutations in ANO5 represent a relatively common cause of adult onset muscular dystrophy with high CK and that mutation screening, particularly of the common mutation c.191dupA, should be an early step in the (Guglieri et al., 2008) .
While the limb girdle muscular dystrophies by definition involve predominantly the proximal musculature, mutations in some of the genes responsible for LGMD are associated with a broader phenotypic spectrum. For example in dysferlinopathy mutations in the same gene cause limb girdle muscular dystrophy type 2B (LGMD2B), Miyoshi myopathy (MM) (Nguyen et al., 2007) , distal anterior compartment myopathy as well as rare congenital or late onset forms (Illa et al., 2001; Klinge et al., 2008; Paradas et al., 2009) . While the elucidation of the large number of genes associated with LGMD and associated phenotypes has allowed many patients with LGMD to receive a precise molecular diagnosis, it is clear from population based studies (Norwood et al., 2009 ) that not all patients with a diagnosis of LGMD can yet be assigned to one of these known groups, implying that full characterisation of the genes responsible for LGMD has not yet been accomplished.
Recently, recessive mutations in ANO5 were identified as the cause of an autosomal recessive form of LGMD associated with asymmetric quadriceps femoris and biceps brachii atrophy (LGMD2L; OMIM 611307), which had been mapped to chromosome 11 F o r P e e r R e v i e w in a group of French Canadian families, and a distal non-dysferlin Miyoshi muscular dystrophy (MMD3; [OMIM 613319]) (Jarry et al., 2007; Bolduc et al., 2010) . ANO5 encodes a member of the Anoctamin family of proteins which contain eight transmembrane domains [leading to their earlier classification as the TMEM16 (TransMEMbrane) family]. Dominant mutations in the ANO5 gene are associated with the skeletal disorder gnathodiaphyseal dysplasia (GDD; OMIM 166260) (Tsutsumi et al., 2004) . Whilst the role of ANO5 is unknown, ANO1 and ANO2, which share significant sequence homology with ANO5, are known to be calcium-activated chloride channels (Schroeder et al., 2008; Yang et al., 2008; Almaca et al., 2009; Stephan et al., 2009; Stohr et al., 2009) .
Recessive mutations in Anoctamin 5 have been found in three French Canadian
LGMD2L families and in one Finnish and one Dutch non-dysferlin MMD3 families (Bolduc et al., 2010 ). An exon 5 mutation, c.191dupA (p.Asn64LysfsX15), was found in a French Canadian LGMD2L family, as a compound heterozygous variant, and in one Dutch MMD3 family, in the homozygous state. This variant, located in exon 5 of the gene and the N terminal tail of the Anoctamin 5 protein, introduces a shift in the reading frame and has been shown to induce nonsense mediated decay of the transcript (Bolduc et al., 2010) .
In light of the apparent phenotypic overlap of the patients with ANO5 mutations and dysferlinopathy, we undertook mutation screening in a candidate group of 64 patients from 59 British and German kindreds with a phenotype suggestive of LGMD2B/MM but with no dysferlin mutations. We show that the exon 5 mutation (referred to herein as the 'common mutation') of ANO5 represents a frequent cause of LGMD2L, found in 20 F o r P e e r R e v i e w patients, and suggest that this mutation derives from a single founder event. Due to the prevalence of ANO5 mutations in this study, we suggest that ANO5 may represent a relatively frequent cause of adult onset limb girdle muscular dystrophy in Northern and Central Europe, and that mutation screening, particularly for the common mutation, should be an early step in the diagnostic algorithm of patients fitting this clinical description.
Methods

Clinical assessment
Patients were recruited at the Newcastle Muscle Centre, at the Institute for Human Genetics, International Centre for Life, in Newcastle-upon-Tyne, as part of the National Commissioning Group (NCG) designated specialised diagnostic service for Limb Girdle Muscular dystrophies in the UK, and at the Friedrich Baur Institute, Ludwig-Maximilians University, in Munich, Germany. Patients were included in the study based on the presence of a combination of the following features: an LGMD or MMD phenotype with absent dysferlin mutations; high CK values; wasting of quadriceps femoris or calf muscles; adult age at onset and suggestive/putative autosomal recessive inheritance.
Possible diagnoses of LGMD2A-F, 2I, and 1C were excluded by muscle immunoanalysis, linkage analysis and/or mutation analysis (data not shown).
A total of 64 patients, 50 males and 14 females, from 59 unrelated kindreds were included. Consanguinity was not noted in any of the families. All participants provided appropriate consent. All were aged 18 years or more at time of the examination or DNA sample collection. All affected relatives and, where possible, first degree unaffected relatives, were also assessed. At clinic visits complete histories and family histories were Deleted: F o r P e e r R e v i e w taken and the patients were asked about their muscle strength and performance before onset of symptoms. The patients were interviewed and examined by a neurologist or clinical geneticist experienced in neuromuscular disorders (K.B., V.S., H.L.). A detailed muscle assessment was undertaken by an experienced neuromuscular physiotherapist (M.E. and G.B.) or by the examiner and muscle strength was scored (Personius et al., 1994) . Age ranged between 18 and 75 years at the time of the study, and all the patients have been on regular follow up in one of the two clinical centres for approximately 5 years. Serum creatine kinase (CK) levels were measured in all patients as well as in all available family members. Respiratory function was assessed with spirometry performed in sitting and lying. A formal cardiology assessment including electrocardiogram (ECG) and echocardiogram and cardiac ultrasound was performed. Electromyography (EMG) was also performed in the majority of individuals.
Magnetic Resonance Imaging (MRI)
Muscle MRI was performed in 7 patients. Axial and coronal planes of the pelvis and lower limbs were obtained using a conventional T1-weighted spin echo sequences. One patient (UK7A) had two MRI studies performed at age 47 and age 54 years, but images only from the second investigation were available for publication.
Histological examination
Muscle histology was assessed by H&E staining. All muscle biopsies were processed for immunohistochemistry (IHC) and multiplex Western Blot (WB). Immunostaining of unfixed frozen tissue for both procedures was performed using antibodies relating to diagnosis of LGMD as previously described (Pogue et al., 2001) . 
Sequence analysis
Polymorphic marker analysis
To determine whether the ANO5 c.191dupA alleles derived from a common founder, we analysed the frequency of two polymorphic loci; an intragenic single nucleotide polymorphism (SNP) in exon 10 (rs7481951; NCBI SNP database http://www.ncbi.nlm.nih.gov/snp) and a microsatellite marker 0.135 Mb downstream of ANO5 (D11S1359; NCBI UniSTS database http://www.ncbi.nlm.nih.gov/genome/sts).
The frequency of rs7481951 was determined in 11 patients homozygous for the ANO5 common mutation, by direct sequencing, and compared to the expected allele frequency for this SNP (NCBI SNP database; http://www.ncbi.nlm.nih.gov/snp). The frequency of a F o r P e e r R e v i e w particular allele with a 192 bp DNA segment length containing CA repeats ('the '192 allele') for microsatellite marker D11S1359 was determined for 22 ANO5 alleles, and in 192 control chromosomes. To provide an estimate of the size of the core haplotype, polymorphism of microsatellite markers 5' (D11S899, D11S1755 and D11S4114) and 3' (D11S915 and D11S4163) of the ANO5 gene were analysed in those patients with the common mutation. Statistical analysis was by Fishers two-tailed exact test.
Results
The exon 5 c.191dupA mutation of ANO5 is a frequent cause of LGMD In 20 patients from 15 families, we identified the c.191dupA p.Asn64LysfsX15 mutation, giving a detection rate in our phenotypically suggestive cohort of approximately 32% and 25% (15/59) of the families studied. In 15 out the 20 patients, the mutation was identified as homozygous (UK patients UK1A, UK1B, UK2, UK3, UK4, UK5A, UK5B, UK6, UK7A, UK7B, UK8, UK11 and UK12 and German patients G1A and G1B). Where available, relatives were analysed for the common mutation. DNA was available from the unaffected siblings of UK1A and UK1B, G1A and G1B, and G3A and G3B (which totalled 5 sisters and 9 brothers). We found that only affected subjects were homozygous for the common mutation, whereas all heterozygous carriers of ANO5 c.191dupA were asymptomatic (both parents and siblings). Thus, the common mutation does not have a dominant effect in LGMD2L. Five patients (UK9, UK10, G2, G3A and G3B) were heterozygous for the common mutation but in these cases a second variant in the ANO5 gene was also detected on the other allele ( Fig. 1) . In addition to heterozygosity for the common mutation Patient UK9 (Fig. 1A) , has a heterozygous nucleotide substitution in exon 16 of ANO5 (c.1733T>C p.Phe578Ser). The F578 residue is evolutionary conserved (Fig. 1B) , and when substituted for serine results in a change in chemistry from non polar to polar. This residue borders transmembrane domain 5 and the extracellular loop. In Patient UK10 a heterozygous variant in exon 14 was found in addition to the common mutation (Fig. 1C ). This variant (c.1391delC_insAT p.Ala464AspfsX30) results in a shift in the reading frame and a premature termination codon in exon 15 of ANO5. In patient G2, in addition to the common mutation in the heterozygous state, we identified a heterozygous missense variant in exon 20 of ANO5 (c.2272C>T p.Arg758Cys), with the parents being asymptomatic carriers of either the c.2272C>T variant (father) or the common mutation (mother) (Fig. 1D) . The c.2272C>T mutation modifies an evolutionary conserved amino acid residue ( 
The common mutation in ANO5 is a founder allele
To investigate the hypothesis that the ANO5 common mutation is a founder allele, a SNP in exon 10 (NCBI SNP database; rs7481951 http://www.ncbi.nlm.nih.gov/snp) and a microsatellite marker 135 Kb downstream of ANO5 (D11S1359) were analysed (Fig 2A) . of ANO5 reveals the absence of an extended core haplotype (data not shown).
Patients with the common ANO5 mutation have a homogenous phenotype
The 20 mutation positive patients were analysed in more detail ( Table 1 ). The age of the patients at last examination ranged between 37 and 68 years. Eighteen patients were male and 2 were females. Prior to the detection of the ANO5 mutations, 15 patients had been classified as "unknown LGMD" while 5 were labelled as non-dysferlin MMD (UK7A, UK7B, UK9, G2 and G3A). At examination, the clinical phenotype was mainly characterized by an adult onset proximal lower limb weakness associated with highly raised CK values and variable degree of frequently asymmetrical muscle wasting mainly involving thigh and calf muscles. None of these patients presented with features of GDD, such as bone fragility, large jaws or frequent dental problems.
Onset:
The median age at onset was 35 years, with a single individual (G2A) who showed reduced sporting performance in his late teens and 6 patients with onset >40 years (Table 1) . Eight patients had engaged in extensive physical activity before onset of symptoms, for example patient UK2 who ran a marathon at the age of 22 yrs, patient UK3 who worked as a farmer, or patient UK10 who ran a half marathon and regularly played rugby in his youth. The most common first symptoms were difficulties walking long distances or walking uphill or upstairs (9 patients) while 5 patients showed difficulties in toe-walking (Table 1) . Two individuals noticed a reduced sporting performance as their first symptom while two others described myalgia and muscle stiffness.
Muscle function: A detailed assessment of skeletal muscle function was available for all patients. Median length of disease duration at assessment was 18 years (range 5 to 30).
Proximal leg weakness was observed in all individuals (Table 1) . A considerably milder distal lower limb involvement was observed on examination in 12 patients (60%). The 5 patients who had shown distal weakness at disease onset had significant proximal involvement at the time of examination (UK7A, UK7B, UK9, G2 and G3A, Table 1 ). A more pronounced involvement of the lower limbs in comparison to the upper limbs was observed in all subjects, with well preserved muscle function in arms and hands in 18/20 patients at time of examination (90%). Hip muscles as well as knee flexors and extensors (quadriceps femoris) and plantar flexors were the weakest lower limb muscle groups tested, while biceps brachii, brachioradialis and triceps were the weakest muscles in the upper limbs. Weakness was generally slowly progressive with most of patients being ambulant into late adulthood. Four patients showed restricted ambulation and 3 of them used a wheelchair for longer distances after a disease progression of about 20 years (range 14 to 26 years) ( Table 1) . Muscle wasting, mainly of quadriceps femoris (in particular vastus medialis), hamstrings and calves, but also of biceps and brachioradialis, was observed in 19/20 patients (95%) ( Fig. 3; Table 1 ). In the calves wasting mainly involved the medial gastrocnemius (8/20 patients; 40%), while the lateral compartment was spared or appeared hypertrophic compared to the medial gastrocnemius (Fig. 3B ).
Actual calf hypertrophy was observed in 2 patients (Table 1) . Knee hyperextension, causing progressive functional problems, was observed in 7/20 patients (35%; Fig. 3I ).
Scapular winging was observed in 6/20 subjects (30%). Asymmetry of muscle weakness or atrophy was observed in 18/20 patients (90%; Table 1 ). Hand muscles were completely preserved and minor contractures were found in only 4/20 patients (20%; Table 1 ). Myoglobinuria occurred in the early stages of the disease in 3 patients (15%). A single patient suffered ischemic heart disease, likely unrelated to the underlying muscle disease.
Clinical investigations: Serum creatine kinase levels were increased in all individuals.
Median CK levels were 4500 IU/l (range 300-10 000; normal value <150 IU/l).
Electromyography was performed in 11/20 patients and showed myopathic changes in all patients.
Muscle MRI findings:
Muscle MRI of the pelvis and lower legs was performed in 7 unrelated patients with variable clinical severity, clinical presentation and progression (UK1A, UK5A, UK5B, UK7A, UK11, G2 and G3A; Fig. 4 , Table 1 ). Sections of the thigh muscles showed asymmetric variable fatty replacement of the posterior compartment with major involvement of adductor magnus, semimembranosus and semitendinosus muscles (Fig 4A-4D and 4F-G). Quadriceps muscles showed a more patchy involvement, especially in the later disease stages, such as in patients UK5A, UK5B, UK7A or G3A (Fig. 4B, 4C, 4D and 4G ). Gracilis and sartorius muscles were least involved (Fig. 4A, 4B and and 4D), except for patients UK5B or G3A (Fig. 4C and   4G ), who showed a more severe generalized involvement of thigh muscles. Patient UK11 showed the mildest picture, with sparing of posterior compartment and relatively patchy quadriceps involvement (Fig. 4E) . Moderate to severe atrophy of medial gastrocnemius and soleus muscles were evident in all individuals (Fig. 4H-4O) . Muscles of the anterior and lateral compartment of the lower legs, in particular tibialis anterior and posterior, peroneous longus and brevis as well as flexor digitorum longus and lateral gastrocnemius showed no or only minor involvement in all the patients examined (Fig. 4H-4O ). Visual comparison of the two MRIs performed on patient UK7A 7 years apart did not show any major difference or progression of atrophy (data not shown).
Histological findings: Nineteen patients had a muscle biopsy. Muscle tissue was taken from quadriceps (6 patients), gastrocnemius (4 patients, biceps brachii (2), or deltoid muscle (1) while for 7 patients information on the site of the muscle biopsy was not available. Biopsies displayed myopathic or dystrophic changes, with variation in fibre size, central nuclei, fibre splitting, degeneration of muscle fibres and increase in interfascicular and intrafascicular connective tissue (Fig. 5) . Regenerating fibres were detected ranging from 2 to 40% of fibres, as shown by neonatal myosin heavy chain staining (Fig. 5 ). Scattered fibres with inflammatory infiltrates were observed in 6/19 patients (31%), while a single patient (UK9) showed increased inflammatory changes (data not shown). Rimmed vacuoles were reported in the biopsies of patient G2 and G3B, while a single patient showed ring fibers (UK5B) (data not shown). Deficiency in proteins of the dystrophin-dystroglycan complex as well as deficiency of dysferlin and calpain was excluded by immunohistochemistry and western blots in 13 patients with immunolabelling with a battery of 30 diagnostic antibodies consistently showing a normal pattern (Fig. 5 and data not shown) . 
Genotype-phenotype correlations
This ANO5 patient cohort have a relatively homogenous phenotype, and no differences in overall phenotypes, mode of presentation or single clinic features was found when comparing patients homozygous for the common mutation and patients who were compound heterozygous for the common mutation and a second variant. No clear correlation between gender and phenotype was observed. However, females represented only 2/20 of the mutation positive patients, limiting this comparison but suggesting a strong bias towards affected males in the ANO5 population.
Prevalence
Eight patients with ANO5 mutation (UK1A, UK1B, UK3, UK4, UK5A, UK5B, UK6, UK8) belonged to the catchment area for the Institute of Human Genetics at Newcastle University (Northern Region of England, i.e. Northumberland, Durham, Cumbria and part of Yorkshire and Lancashire) and were part of the central muscle clinic database (Norwood et al., 2009) . The estimated total population according to the last census of the Northern region of England is 2.99 million (Norwood et al., 2009) . With eight confirmed cases positive for the common mutation (7 homozygous, 1 heterozygous) in our clinic population, the estimated minimum point prevalence for LGMD2L in the population of Northern England (2.99 million) is 0.26/100,000 (Norwood et al., 2009) .
Discussion
In this study we report on the largest cohort to date of patients with ANO5 gene LGMD2B and MM. However, current opinion is that while patients with dysferlinopathy may present with symptomatology and muscle weakness predominantly in either the proximal or distal musculature, involvement of both the proximal and distal muscles becomes the norm as the disease progresses (Nguyen et al., 2007; Klinge et al., 2009; Paradas et al., 2010) .The common ANO5 mutation can also lead to a variable clinical presentation at onset, but we have shown here that with disease progression the phenotypes largely overlap and merge into a more homogenous clinic entity.
The mutation c.191dupA is frequent in the British and German LGMD cohorts, occurring in all 20 of our mutation positive patients, and was found to be in strong linkage disequilibrium with an intragenic SNP in exon 10 of ANO5, and an extragenic microsatellite marker 135 Kb downstream of the gene. It is therefore likely that the high frequency of the common mutation is the result of a founder effect. Whilst we have not elucidated the origin of the founder mutation, lack of variation at the closest microsatellite is consistent with this being a relatively young allele. The fact that it has been observed in three Dutch and French Canadian LGMD2L families (Bolduc et al., 2010) , as well as the high occurrence in the UK ( and German) cohort may suggest a founder of Northern European origin. We have previously shown that the combined population prevalence figure for all inherited muscle disease categories in our clinic population was 37/100,000 (Norwood et al., 2009) . Having screened our unknown local LGMD patients for the common ANO5 mutation, our prevalence data indicate that LGMD2L is the third most common form of
LGMD in the Northern English population behind LGMD2A (0.6/100.000) and LGMD2I (0.43/100.000), but similar to the combined frequency of the sarcoglycanopathies (0.27/100.000), and twice as common as LGMD2B (0.13/100,000) (Norwood et al., 2009) . Our data represent the minimum prevalence of LGMD2L and screening of the rest of the gene will be necessary in order to confirm the absolute prevalence for LGMD2L in this population group. The apparent frequency of this condition in this group compared to some of the other forms of LGMD confirm the need to incorporate ANO5 mutation screening (at least for the common mutation) at an early stage in the diagnostic algorithm for patients presenting with an LGMD phenotype.
We believe that there are clear supportive data that the variants found in compound heterozygosity with the common mutation are pathogenic. The c.2272C>T (p.Arg758Cys) mutation (patient G2) was previously described as homozygous in a Finnish family (Bolduc et al., 2010) . In addition to this, we identified three new mutations; c.1733T>C (UK9), c.1391delC_insAT (UK10) and c.2018A>G (G3A and G3B), all in compound heterozygosity with the common mutation. c.1391delC_insAT, shifts the reading frame and introduces a premature stop codon, whilst the other two evidence such as absence from the NCBI SNP database, amino acid conservation across species, and altered amino acid chemical properties all suggest that the novel second variants described here are pathogenic. The mutations that we and others (Bolduc et al., 2010) have identified are spread throughout the gene, in exons 5, 8, 13, 14, 16, 18 and 20. There is no apparent trend in terms of the position of mutations within the protein in relation to specific motifs, transmembrane domains or cytoplasmic versus extracellular regions.
Studying a larger group of patients with ANO5 mutations allows us to establish the phenotype in more detail (Table 2) . Although clear overlaps with LGMD2B/ Miyoshi myopathy are evident, some features may help in distinguishing LGMD2L from other
LGMDs.
LGMD2L is an adult onset disease and the average age at onset is about a decade later than in LGM2B (35 vs 20 years) (Klinge et al., 2009) . At onset, muscle weakness mainly affects the pelvic girdle and lower limbs, with hip and thigh muscles the most severely affected, although it is important to note that the larger number of patients with proximal presentation in our study may also reflect a referral bias as our diagnostic service is primarily orientated towards LGMD. Involvement of the distal musculature is characterized by difficulty in standing on toes and calf wasting, and was present to some extent in 17/20 patients (85%) showing some degree of distal weakness or difficulty in standing on toes and/or heels (Table 1) . Although difficulty in standing on toes may also be a sign of pelvic girdle weakness, muscle MRI confirmed distal involvement in the patients examined (Fig. 4) . Muscle wasting mainly affects quadriceps, hamstrings and the medial gastrocnemius (Fig. 3 and 4) . Knee hyperextension appears to be a common feature of the disease often causes progressive functional disability which may be counteracted by appropriate splinting. In later stages of the disease, mild weakness and wasting of the upper limbs, in particular of biceps brachii and brachioradialis, is also observed (Fig. 3E) . Asymmetry of muscle weakness and atrophy is commonly observed (18/20; 90%) and represents, together with thigh muscle atrophy and later age at onset a useful predictor to differentiate LGMD2L from LGMD2B. Similarly to dysferlinopathy, significant cardiac and respiratory involvement is not observed, suggesting that life expectancy might not be affected. Intra-familial variability in mode of presentation (families UK7 and G3) and disease progression (family UK5) was observed in 3/5 families. In particular, subject UK7B had been asymptomatic until her late 40s.
Following the diagnosis in her sister she showed raised CK values and mild distal weakness. Intra-familial variability has also been reported in other autosomal recessive
LGMDs, such as LGMD2A (Schessl et al., 2008) and sarcoglycanopathies (Angelini et al., 1998) . Measurement of CK and molecular testing represent useful tools to screen for the identification of asymptomatic or mildly affected family members.
Our results indicate a male predominance in LGMD2L, confirming previous findings (Bolduc et al., 2010) , with only 5/32 reported ANO5 mutation positive patients (16%) so far being female. Gender predominance is not an unusual observation in LGMDs and a correlation between gender and onset or severity in LGMDs has also been reported (Zatz et al., 2003) . In particular, male predominance and more rapid progression in males was observed in LGMD2A (Fanin et al., 2001) , although these findings were not confirmed by later studies (Guglieri et al., 2008) . Another report indicated that males with
LGMD2G are more severely affected than females (Zatz et al., 2003) . One possible explanation for the observed gender predominance is that females might be less severely F o r P e e r R e v i e w affected and therefore less likely to be ascertained. We have excluded the presence of ANO5 mutations in all available unaffected female siblings, ruling out a possible misdiagnosis in mildly affected females. The two affected females reported here showed an onset and disease progression similar to males and there were no obvious differences in the phenotype. It is of interest to note however that patient UK7A developed symptoms after her first pregnancy, while her sister (UK7B), who did not have any children, started showing symptoms after menopause. A possible effect of pregnancy in triggering onset of symptoms has previously been observed for LGMD2B (Klinge et al., 2009 ). Though it is intriguing to speculate a hormonal component to disease onset and/ or progression the very small number of females in this group makes it impossible to comment further.
Eight out of 20 patients reported a high level of sporting prowess prior to onset of symptoms. This finding has also been reported in dysferlinopathies but it is not a feature commonly associated with other forms of muscular dystrophy (Klinge et al., 2009 ).
Highly raised CK values were detected in two individuals from our cohort before the onset of any clinical symptoms, similar to what is observed in dysferlinopathy. This is suggestive of an ongoing pathological process prior to the onset of clinical symptoms (Miyoshi et al., 1986; Okahashi et al., 2008) .
Based on our molecular and clinical results, and in view of our data suggesting that
LGMD2L is more common than dysferlinopathy at least in the UK population, we suggest that the diagnostic algorithm for LGMD needs to be amended. Mutations in Yang, Y.D., Cho, H., et al. (2008) . "TMEM16A confers receptor-activated calcium-dependent chloride conductance." Nature 455(7217): 1210-1215. Zatz, M., de Paula, F., et al. (2003) . "The 10 autosomal recessive limb-girdle muscular dystrophies." Neuromuscular Disorders 13(7-8): 532-544. 
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